Plasma thyroxine (T,) concentration tends to be minimal in the autumn and elevated towards midwinter during the breeding season in ewes (Annison & Lewis, 1959; Sutherland & Irvine, 1974) and in wethers (Wallace, 1979) , but the relationship between T, and its transport proteins has not been examined in detail over a complete annual cycle. Thyroxine-binding globulin (TBG) and thyroxine-binding 'prealbumia' (TBPA) have now been isolated from sheep plasma in pure form and used to determine (i) if any of these specific transport proteins undergo annual cyclic changes such as has been observed for TBPA in Japanese quail (El-Sayed et al, 1980) , and (ii) if any of the changes correlated with variations in total T, concentration. TBG was isolated as described by Van der Walt & Van Jaarsveld (1978) and TBPA by a modification of the procedure described by Abe et al., (1977) , involving additional A n i t y chromatography on a Sepharose 6B column to which retinolbinding protein (RBP) had been linked. TBPA has a similar molecular weight to those of human and bovine material (i.e. 54400 and a subunit of mo1.W. 13 600) and cross-reacted with antiserum to bovine prealbumin. It binds T, and retinol-binding protein but migrates on polyacrylamide-gel electrophoresis with a mobility identical with that of albumin, as does the corresponding bovine protein. Specific antisera were prepared in the rabbit and used for the immunoassay of the two proteins in plasma samples by radial immunodiffusion (Mancini et al., 1965) . Albumin was also assayed by a similar procedure.
Groups of four rams and four ewes of the Cambridge breed were maintained outdoors in the Veterinary Field Station, of this University at Leahurst, Wirral, Merseyside, and lOml blood samples were taken from the jugular vein of each into heparinized Vacutainers each week over the breeding season from September to November 1979 and monthly over the remainder of the annual cycle in 1980. The experiment was also repeated over the 1981/1982 breeding season. The isolated plasma samples were stored at -2OOC until required for analysis. The mean plasma concentrations of the three proteins and T, for the different groups in the two experiments are presented in Table 1 . The mean concentrations of T, and of TBG were very similar to those for the human, but the levels were significantly higher in ewes than in rams in both experiments. The concentration of TBPA was more variable at the different times of the year, and no appreciable difference between the means for the two sexes was evident, but again the plasma level was similar to that for man. The mean values for albumin showed little variability and did not differ between the groups.
With regard to seasonal variations, the mean total T, concentration in ram plasma was minimal from May to 
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Significantly different from male group, P < 0.001.
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September (33-40ng/ml) and in January (40 ng/ml), but reached peak values in November-December (47-50 ng/ml) and in March 57ng/ml). The ewe plasma sample values were minimal in August-September (40-47 ng/ml) and in January (56ng/ml) and maximal in November (75ng/ml), December (65ng/ml), and as a high plateau from March to June (70-72 ng/ml) over the lactation period. There was good agreement between the values for corresponding periods in both experiments. The TBG concentration of ewe plasma in expt. 1 remained within the range 21-25ng/ml throughout the year, with the mean values tending to be lower in September/October and January than in December and March. The values of expt. 11, however, were clearly minimal in October (19-20ng/ml) and maximal in November/December (28 ng/ml). Similarly in the rams, minimal values were recorded in October (16-1 7 ng/ml), but the main maxima occurred in late August/September (23-24 ng/ml).
The concentration of TBPA varied from maximal values for the ewes during late October/early November (430440pg/ml) to minimal levels in September (35Opg/ml, I) and early October (250pg/ml, 11) and in January-March (330-300pg/ml, I; 210-250pg/ml, 11). The changes in TBPA were less clear-cut in the rams, with minimal values occurring in September (320pg/ ml, I) and October (32Opg/ml, 11) and maximal in late October (340pg/ml, I) and early November (400pg/ml, 11).
Although the plasma concentrations of TBG, TBPA and total T, all pass through peak values in the October/November breeding season, there was no significant correlation between the levels of either of these two proteins alone and that of total T,.
We thank Dr. P. Felding, University of Lund, Sweden, for the gift of antiserum to bovine prealbumin, and the Wellcome Trust for financial support through Grant no. P.IO408/1.5. W. Y. J. C. is a recipient ofan Oversaes Research Students award. The concentration of free thyroxine (T,) available to tissues of birds is dependent on the bound form transported in plasma attached mainly to thyroxine-binding prealbumin (TBPA) with a small proportion bound to albumin (Robbins et al., 1978) . The concentration of total T,, however, undergoes seasonal variations in the chick (Reineke & Turner, 1945) and transitory stimulation in intact Japanese quail transferred from short (6L/18D3 to long photoperiods (18L/6D) (Bayle & Assenmacher, 1967; Follett & Riley, 1967; Sharp & Klandorf, 1981) . Recently, the plasma concentration of TBPA was found to vary inversely with length of photoperiod, whereas that of albumin remains virtually unchanged in Japanese quail throughout the annual light cycle (El-Sayed et al., 1980) . The TBPA concentration in the longer photoperiods of late spring and summer is only about half that of the short-day peak values in winter, and this change in concentration may directly influence plasma T, concentration.
In examining this possibility, both TBPA and its ligand, T,, were determined in plasma of test groups of five young intact male and female Japanese quail maintained under constant temperature (2 1 "C) but exposed to artificial light with changes in photoperiod three times those of the natural daily ones so that the annual cycle was completed in 4 months. Birds so treated also show cyclic changes in TBPA comparable with those observed in the annual cycle (Heaf et al., 1982) . All birds were reared under short days (7L/17D) and at 6 weeks old placed on experiment. Control groups were maintained on short days throughout. Blood samples (400pI) were taken from alternate wing veins into heparinized capillary tubes each week for 6months (= 1) annual cycles). After separation of the blood cells the plasma was stored at -2OOC until required for analysis. T, was first extracted (Murphy, 1965) and determined by * Abbreviation: 6L/18D, 6h light/l8h dark, etc. radioimmunoassay using poly(ethy1ene glycol) as precipitating agent (Ratcliffe et al., 1974) and TBPA by radial immunodiffusion (Mancini et al., 1965) , with all samples from each bird being run simultaneously.
The mean plasma concentration of TBPA for each test group changed inversely in relation to length of photoperiod. It was 530450pug/ml at the outset, with short photoperiods from 7L/17D to 12L/12D as occur in the months of NovemberMarch in both male and female groups, and declined to 250-320pg/ml when the photoperiods were greater in the range 17L/7D-I2L/12D corresponding to the months of MaySeptember. In the control groups kept under constant 7L/17D photoperiod, mean plasma TBPA concentration showed no regular pattern of change but remained within the ranges of 250-475pg/ml for the male group and 300-550pg/ml for the female birds.
The mean plasma total T, concentration in the test groups also tended to change in parallel with TBPA, showing correlation coefficients (r) of 0.88 and 0.89 (n = 24) for male and female quail respectively. The values for short-day samples were in the range 10-7ng/ml for the former and 12-8ng/ml for the latter group, but declined to the narrower range of 5-6 ng/ml over the longer photoperiods corresponding to May-September in both groups. Thyroxine concentration in the plasma of the control groups showed no correlation with TBPA in the male birds (r = -0.14) and was just significant in the female quail [ r = 0.48 (P<0.02, n = 25)l and tended to remain more uniformly high within the range 7-12ng/ml.
Gonadal development in Japanese quail occurs with photoperiods of 11-13L/13-1 I D as in March-April, when the concentration of TBPA declines more rapidly. The mean T, level also declined over this period towards its minimum value in June, where it remained until September/October, by which time the gonads are known to regress. The reduction in T, level could arise either through reduced production or increased utilization of the hormone or perhaps by limiting the concentration transported from the thyroid via its carrier proteins, particularly TBPA. An immediate change from short to long days appears to cause initially an increased production of T, (Sharp & Klandorf,
